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ABSTRACT
We study photometric properties, chemical abundances and sizes of star formation regions in
the two principal arms of the galaxy NGC 628 (M74). The GALEX ultraviolet, optical UBVRI,
and Hα surface photometry data are used, including those obtained with the 1.5-m telescope
of the Maidanak Observatory. The thirty brightest star formation regions in ultraviolet light lo-
cated in the spiral arms of NGC 628 are identified and studied. We find that the star formation
regions in one (longer) arm are systematically brighter and larger than the regions in the other
(shorter) arm. However, both luminosity and size distribution functions have approximately
the same slopes for the samples of star formation regions in both arms. The star formation
regions in the longer arm have a higher star formation rate density than the regions in the
shorter arm. The regions in the shorter arm show higher N/O ratio at a higher oxygen abun-
dance, but they have lower ultraviolet and Hα luminosities. These findings can be explained
if we assume that star formation regions in the shorter arm had higher star formation rate in
the past, but now it is lower than for those in the opposite arm. Results of stellar evolutionary
synthesis show that the brightest regions in the longer arm are slightly younger than the ones
in the shorter arm (3.5±2.2 Myr versus 6.0±1.1 Myr). Our results demonstrate that there is a
difference in the inner structures and parameters of the interstellar medium between the spiral
arms of NGC 628, one of which is long and hosts a regular chain of bright star formation
complexes and the other, shorter one does not.
Key words: H ii regions – galaxies: individual: NGC 628 (M74) – galaxies: photometry –
ultraviolet: galaxies
1 INTRODUCTION
Star formation regions (H ii regions) are associated with spiral
arms of disc galaxies. Within spiral arms of grand design galaxies,
star formation regions are often grouped into structures with
sizes of about 0.5 kpc, the star complexes (Elmegreen & Lada
1977; Efremov 1978, 1979; Elmegreen & Efremov 1996;
Efremov & Elmegreen 1998). These complexes are the great-
est coherent groupings of young stars. Such complexes are
formed from H i/H2 superclouds (Elmegreen & Elmegreen 1983;
Efremov 1989, 1995; Elmegreen 1994, 2009; Odekon 2008;
de la Fuente Marcos & de la Fuente Marcos 2009). The size/mass
of the largest star formation regions that can appear in a galaxy
is determined by the parameters of the interstellar medium, such
as the gas density and pressure (Elmegreen & Efremov 1997;
Kennicutt 1998a; Billett, Hunter & Elmegreen 2002; Larsen
2002).
Occasionally, these star formation complexes are located
along an arm at rather regular distances. Elmegreen & Elmegreen
(1983) found the spacing of complexes (H ii regions) in studied
galaxies to be within 1-4 kpc, and each string to consist, on av-
erage, of five H ii regions. Elmegreen & Elmegreen (1983) and
Elmegreen (1994) suggested that the gravitational or magneto-
gravitational instability developing along the arm can explain this
regularity. Elmegreen & Elmegreen (1983) found that in two thirds
of cases the regular strings of complexes are seen in one arm only.
The well-known galaxy NGC 628 (M74) is the nearest object from
the list of Elmegreen & Elmegreen (1983) where the regular spac-
ing of complexes are observed in one arm only. We believe that
the study of the properties of such galaxies can help to better un-
derstand the nature of the regular chains of bright star formation
complexes.
In a previous paper (Gusev & Efremov 2013, hereafter
Paper I) we have studied photometric properties of spiral arms in
NGC 628 and location of star formation regions inside these arms.
Our results confirmed the conclusion of Elmegreen & Elmegreen
(1983), that only one of the spiral arms in NGC 628 has the regu-
lar chain of bright star complexes. We also found that the charac-
teristic separation between adjacent fainter star formation regions
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Table 1. Basic parameters of NGC 628.
Parameter Value
Type SA(s)c
Total apparent B magnitude (Bt) 9.70 ± 0.26 mag
Absolute B magnitude (MB)a -20.72 mag
Inclination (i) 7◦ ± 1◦
Position angle (PA) 25◦
Heliocentric radial velocity (v) 659 ± 1 km s−1
Apparent corrected radius (R25)b 5.23 ± 0.24 arcmin
Apparent corrected radius (R25)b 10.96 ± 0.51 kpc
Distance (d) 7.2 Mpc
Galactic absorption (A(B)Gal) 0.254 mag
Distance modulus (m − M) 29.29 mag
a Absolute magnitude of the galaxy corrected for Galactic extinction and
inclination effect.
b Isophotal radius (25 mag arcsec−2 in the B-band) corrected for Galactic
extinction and absorption due to the inclination of NGC 628.
in both spiral arms of the galaxy is nearly 400 pc (Paper I). The
main goal of this new research is to study differences between sam-
ples of bright star formation regions in two opposite spiral arms of
NGC 628, and to understand why these samples differ from each
other. Here, we consider photometric properties, chemical abun-
dances and sizes of the brightest star formation regions in the two
principal spiral arms of the grand-design galaxy NGC 628, based
on our own observations in the U, B, V , R, I passbands, and Hα
line, as well as the Galaxy Evolution Explorer (GALEX) far- and
near-ultraviolet (FUV and NUV) data.
NGC 628 is a nearby spiral galaxy viewed almost face-on
(Fig. 1, Table 1). It is an excellent example of a galaxy with
regular strings of complexes which are seen in only one arm.
Elmegreen & Elmegreen (1983) found seven complexes (H ii re-
gions) with a characteristic separation of 1.6-1.7 kpc in one arm of
the galaxy (Fig. 1, Table 2).
NGC 628 is a galaxy that has experienced recent star for-
mation episodes. Hodge (1976) identified 730 H ii regions in
the galaxy. Sonbas¸ et al. (2010) found nine supernova remnants
(SNRs) in NGC 628 (see Fig. 1). Three supernovae (SN 2002ap,
2003gd, and 2013ej) have been observed in the galaxy since 2001.
NGC 628 is the largest member of a small group of galax-
ies. The group is centred around NGC 628 and the peculiar spi-
ral NGC 660. NGC 628 is associated with several companions:
UGC 1104, UGC 1171, UGC 1176 (DDO13), UGC A20, KDG10,
and dw0137+1541. Most of the companions are star-forming dwarf
irregulars (Auld et al. 2006). Two giant high velocity gas com-
plexes (M(HI) ∼ (0.5−1)×108 M⊙) are located at∼ 10 arcmin to the
east and to the west from the galactic centre (Kamphuis & Briggs
1992).
The distance to NGC 628 is still an open question.
Sharina, Karachentsev & Tikhonov (1996) obtained 7.2 Mpc based
on their observations of the brightest supergiants in NGC 628. The
same value was found by van Dyk, Li & Filippenko (2006), who
studied the optical curve of SN 2003gd. This value of the distance
is in good agreement with the results of McCall, Rybski & Shields
(1985) and Ivanov et al. (1992), who studied global properties
of NGC 628 and star complexes in it, respectively. An inde-
pendent determination, based on observations of planetary neb-
ulae, gave a value of 8.6 Mpc (Herrmann et al. 2008). Alter-
native values, 9.3–9.9 Mpc, were obtained based on studies of
SN 2003gd (Hendry et al. 2005; Olivares et al. 2010) and the
study of the gravitational stability of the gaseous disc of NGC 628
(Zasov & Bizyaev 1996). A value close to 10 Mpc is favoured in
studies of the NGC 628 Group by Auld et al. (2006). Following
the recent studies of e.g. Moustakas et al. (2010), Sonbas¸ et al.
(2010), Aniano et al. (2012) or Berg et al. (2013) we use the value
of the distance to NGC 628, obtained in Sharina et al. (1996) and
van Dyk et al. (2006). The adoption of an alternative value of the
distance, 10 Mpc, will increase the luminosities and the linear dis-
tances (sizes) of the objects in NGC 628 by ∼ 30%. However, this
does not affect the main conclusions of our study, as we compare
parameters of star formation regions in the spiral arms of the same
galaxy.
The fundamental parameters of NGC 628 are presented in Ta-
ble 1. We use the position angle and the inclination of the galac-
tic disc derived by Sakhibov & Smirnov (2004). The morpholog-
ical type and the Galactic absorption, A(B)Gal, are taken from the
NED1 data base. Other parameters are taken from the LEDA data
base2 (Paturel et al. 2003). We adopt the Hubble constant H0 = 75
km s−1Mpc−1. With the assumed distance to NGC 628, we estimate
a linear scale of 34.9 pc arcsec−1.
The spiral arm with a regular string of complexes found by
Elmegreen & Elmegreen (1983) was named Arm A, and the oppo-
site arm was named Arm B (Fig. 1). Arm A is known as Arm 2 in
Kennicutt & Hodge (1976) and Cornett et al. (1994) or South arm
in Rosales-Ortega et al. (2011).
2 OBSERVATIONS AND REDUCTION
The results of UBVRI photometry of NGC 628 have already been
published in Bruevich et al. (2007). Hα spectrophotometric and
GALEX ultraviolet photometric observations and data reduction for
the galaxy have been described in Paper I. Just a brief compilation
is given for these observations and data reduction.
The photometric and spectrophotometric CCD observations
were obtained in 2002 (UBVRI) and 2006 (Hα) with the 1.5-m
telescope of the Maidanak Observatory (Institute of Astronomy of
the Academy of Sciences of Uzbekistan). The focal length of the
telescope is 12 m. A detailed description of the telescope and the
CCD camera can be found in Artamonov et al. (2010). The images
have a pixel scale of 0.267 arcsec pixel−1. The seeing during the
observations was 0.7–1.1 arcsec.
Ultraviolet GALEX FUV and NUV reduced FITS-images of
NGC 628 were downloaded from Barbara A. Miculski archive for
space telescopes (galex.stsci.edu; source GI3 050001 NGC628).
The observations were made in 2007. The description of the
GALEX mission and basic parameters of passbands are presented in
Morrissey et al. (2005). The image resolution is equal to 4.5 arcsec
for FUV and 6.0 arcsec for NUV.
The reduction of the photometric and spectrophotometric data
was carried out using standard techniques, with the European
Southern Observatory Munich Image Data Analysis System3 (eso-
midas) (Banse et al. 1983; Grøsbol & Ponz 1990). The main pho-
tometric and spectrophotometric image reduction stages were de-
scribed in detail in Bruevich et al. (2007) and Paper I.
We corrected all data for Galactic absorption using the cali-
bration of Schlafly & Finkbeiner (2011); these values are indicated
1 http://ned.ipac.caltech.edu/
2 http://leda.univ-lyon1.fr/
3 http://www.eso.org/sci/software/esomidas/
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Figure 1. U image of NGC 628 and positions of the galaxy’s star formation regions, supernova remnants, and supernovae. The white crosses show positions
of the studied regions. The ID numbers of the star formation regions from Table 2 are indicated. The black circles show positions of the SNRs by Sonbas¸ et al.
(2010), the stars indicate the supernovae. Two supernova remnants (SNR 4 and SNR 5) and SN 2002ap are outside the image field. North is upward and east
is to the left. The size of the image is 6.0 × 6.0 arcmin2 .
by the ’0’ subscript. We used the resulting ratio of the extinction in
the GALEX bands to the color excess AFUV/E(B − V) = 8.24 and
ANUV/E(B − V) = 8.2 (Wyder et al. 2007).
To find and select star formation regions, we measured the
magnitudes of the brightest regions in the spiral arms of the galaxy.
The photometry was made using round apertures, and the light from
the surrounding background was subtracted from the light coming
from the area occupied by the star formation region. The technique
of star formation regions photometry is described in more detail in
Gusev & Park (2003) and Bruevich et al. (2007).
As a result, we selected 30 star formation regions having a
total magnitude FUV0 < 19.8 mag (Fig. 1). The objects were
divided into bright complexes and fainter star formation regions.
Eight complexes brighter than 18.2 mag in FUV were selected as
’bright complexes’, other 22 objects were named ’star formation re-
gions’. We cut the list of bright complexes on the seventh brightest
complex in Arm A; it coincides with the bright H ii regions list of
Elmegreen & Elmegreen (1983) but for one exception, our com-
plex A4 is brighter in FUV than the star formation region a11 (Ta-
bles 2, 3, Fig. 1). Among regions fainter than 19.8 mag in FUV,
we found a large number of diffuse objects without a strong Hα
emission. Such objects are rather close groups of stellar associa-
tions. They have not been investigated in this study. We will show
below, that the variation of the limits of brightness does not affect
our conclusions in principle.
Spatial location of the star formation regions are shown in
Fig. 1. Galactocentric coordinates and identification data of the star
formation regions in the arms of NGC 628 are presented in Table 2.
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Table 2. Offsets and identification of star formation regions in the arms.
Re- ID N–Sa E–Wa ID1b ID2c ID3d ID4
gion (arcsec) (arcsec)
(1) (2) (3) (4) (5) (6) (7) (8)
1 a1 +2.13 -49.61 — 12 100 —
2 a2 +25.60 -42.68 — 13 — —
3 a3 +41.60 -34.68 — 14 114 —
4 A4 +75.73 +5.86 — 20 11 1e
5 a5 +77.87 +18.66 — — 12 —
6 a6 +64.00 +75.19 — 23 29 —
7 a7 +33.60 +85.86 — — — —
8 A8 +8.53 +87.99 A1 60+ 30 —
61
9 A9 -33.07 +87.46 A2 65 53 —
10 A10 -74.67 +78.93 A3 80 61 4e
11 a11 -106.67 +56.53 A4 82 66 —
12 A12 -124.80 +40.53 A5 84 68+ 4 f
69
13 a13 -166.94 +1.06 — 91 — —
14 a14 -149.87 -16.54 — — 82 —
15 a15 -155.74 -25.61 — 93 84 —
16 A16 -161.07 -41.61 A6 94 83 5 f
6e
17 a17 -152.54 -66.68 — — 85+ —
86
18 A18 -173.34 -79.48 A7 — — —
19 b1 +1.06 +43.73 — 6 25 6g
20 b2 -20.80 +42.13 — 7 50 —
21 b3 -33.60 +48.53 — 9 52 —
22 b4 -46.94 +44.79 — 67 — —
23 b5 -57.60 +18.66 — — — —
24 b6a -57.07 +7.46 — 68 — —
25 b6b -72.00 +7.19 — 69 63+ —
64
26 b7 -65.07 -12.27 — 71 — —
27 B8 -69.34 -35.21 — 58+ 77+ 3g
72 78
28 b9 -28.27 -73.61 — 56 89 2e
2g
Ah
29 b10 -20.80 -84.28 — — 91 —
30 b11 -12.27 -89.61 — — 92 2g
a Offsets from the galactic centre, positive to the north and west.
b ID by Elmegreen & Elmegreen (1983).
c ID by Rosales-Ortega et al. (2011).
d ID by Belley & Roy (1992).
e Ordinal numbers from Table 5 of Berg et al. (2013).
f ID by Bresolin, Kennicutt & Garnett (1999); the list of Bresolin et al.
(1999) coincides with the list of McCall et al. (1985).
g ID by Gusev et al. (2012).
h ID by Ferguson, Gallagher & Wyse (1998).
Ordinal and identification numbers of the star formation regions are
given in columns (1) and (2), respectively. Offsets from the galactic
centre are presented in columns (3) and (4), respectively. Identifi-
cation numbers of the objects by Elmegreen & Elmegreen (1983)
are shown in column (5). Most of the selected star formation re-
gions were studied earlier based on spectroscopic and spectropho-
tometric observations (McCall et al. 1985; Belley & Roy 1992;
Ferguson et al. 1998; Bresolin et al. 1999; Rosales-Ortega et al.
2011; Gusev et al. 2012; Berg et al. 2013). The cross identifica-
tion data for the complexes are also presented in Table 2. Identi-
Figure 2. Top panel: radial distribution of interstellar absorption in star for-
mation regions. Bottom panel: comparison between uncorrected and cor-
rected for interstellar absorption magnitudes FUV of the regions. Lower
limits of magnitude FUV0 for bright complexes (dashed line) and star for-
mation regions (solid line) are shown. The black circles denote the regions
in Arm A, the grey circles show the objects in Arm B. The filled circles are
bright complexes, and the open circles are fainter star formation regions.
The magnitudes error bars are shown.
fication numbers of Rosales-Ortega et al. (2011) are given in col-
umn (6), numbers of Belley & Roy (1992) are presented in column
(7), and identification numbers of Berg et al. (2013), Bresolin et al.
(1999), Ferguson et al. (1998), and Gusev et al. (2012) are given in
column (8).
We used a letter-number identification for the star formation
regions, the letter ’a’ is used for the regions in Arm A, and the letter
’b’ is used for the objects in Arm B. Bright complexes are marked
by a capital letter, and fainter star formation regions are marked
by a small one. Sequential numbering is used for the regions in
every arm, based on their longitudinal displacements along the arm
(Fig. 1, Table 2). Two star formation regions in Arm B are located
at the same longitudinal displacement along the spiral arm, they
were named ’b6a’ and ’b6b’.
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Table 3. Photometric parameters, diameters and galactocentric distances of star formation regions.
ID r/Ra25 r
b Ac FUV0 M(FUV)c (FUV- (NUV- (U − B)c (B − V)c (V − R)c (V − I)c log I(Hα) c(Hβ) d ld
NUV)c U)c ([erg s−1
(kpc) (arcsec) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) cm−2]) (pc) (kpc)
a1 0.159 1.74 12.8 18.84 -12.32±0.28 0.28±0.40 0.15±0.33 -1.01±0.22 -0.56±0.19 0.56±0.16 -0.75±0.30 -12.94±0.03 0.42±0.05e 365±25 0.85 (a2)
a2 0.160 1.75 9.1 18.84 -11.30±0.68 0.41±0.96 0.85±0.78 -0.69±0.52 -0.09±0.43 0.27±0.34 0.07±0.31 -12.99±0.08 0.24±0.12e 325±35 0.62 (a3)
a3 0.174 1.90 11.7 18.76 -12.45±0.23 0.35±0.32 0.44±0.26 -0.86±0.17 -0.22±0.15 0.19±0.12 -0.05±0.12 -12.79±0.03 0.43±0.04e 340±25 0.62 (a2)
A4 0.242 2.65 14.9 18.16 -11.70±0.11 0.30±0.16 0.80±0.13 -0.78±0.09 -0.07±0.08 0.39±0.07 -0.11±0.09 -12.74±0.01 0.19±0.02e 450±45 0.46 (a5)
a5 0.255 2.80 9.1 19.08 -11.40±0.06 0.24±0.08 0.85±0.07 -0.86±0.05 -0.22±0.05 0.45±0.04 -0.09±0.05 -12.95±0.01 0.30±0.01 f 280±15 0.46 (A4)
a6 0.315 3.45 8.5 19.20 -12.01±0.28 0.20±0.40 0.43±0.33 -1.00±0.22 -0.31±0.18 0.27±0.14 -0.65±0.14 -13.02±0.03 0.43±0.05e 275±15 1.13 (a7)
a7 0.295 3.23 11.7 18.97 -11.68±0.79 0.28±1.12 0.48±0.91 -0.51±0.61 -0.30±0.50 -0.10±0.39 0.84±0.35 -13.52±0.09 0.33±0.14g 290±45 0.88 (A8)
A8 0.283 3.10 19.7 17.24 -14.43±0.28 0.25±0.40 -0.07±0.33 -0.75±0.22 -0.32±0.18 0.10±0.14 -0.36±0.13 -12.46±0.03 0.51±0.05e 565±65 0.88 (a7)
A9 0.300 3.29 16.0 17.86 -12.61±0.17 0.25±0.24 0.59±0.20 -0.56±0.13 -0.10±0.11 0.21±0.08 -0.03±0.08 -12.78±0.02 0.30±0.03e 445±30 1.45 (A8)
A10 0.348 3.82 13.9 17.67 -13.60±0.11 0.25±0.16 0.10±0.13 -0.94±0.09 -0.25±0.07 0.23±0.06 -0.10±0.05 -12.56±0.01 0.44±0.02e 495±40 1.36 (a11)
a11 0.386 4.23 13.9 18.48 -12.84±0.06 0.24±0.08 0.26±0.07 -0.80±0.04 -0.27±0.04 0.28±0.03 -0.23±0.03 -12.72±0.01 0.45±0.01e 405±35 0.84 (A12)
A12 0.419 4.60 20.8 16.78 -14.43±0.28 0.22±0.40 0.16±0.33 -0.85±0.22 -0.16±0.18 0.28±0.14 -0.09±0.13 -12.16±0.03 0.43±0.05e 570±20 0.84 (a11)
a13 0.532 5.83 10.7 18.80 -13.15±0.96 0.20±1.36 -0.08±1.11 -0.92±0.74 -0.33±0.60 0.02±0.47 0.09±0.43 -13.11±0.11 0.56±0.17e 335±20 0.86 (a14)
a14 0.481 5.27 7.5 19.44 -9.39±0.17 0.00±0.24 1.31±0.20 -0.70±0.13 -0.17±0.11 0.33±0.09 0.39±0.08 -13.68±0.02 0.01±0.03 f 260±15 0.38 (a15)
a15 0.503 5.51 10.7 18.93 -12.91±0.34 0.15±0.48 0.03±0.39 -0.82±0.26 -0.29±0.21 0.39±0.17 0.19±0.15 -12.83±0.04 0.54±0.06e 280±40 0.38 (a14)
A16 0.530 5.81 28.3 15.98 -14.27±0.06 0.18±0.08 0.49±0.07 -0.74±0.04 -0.03±0.04 0.19±0.03 0.09±0.03 -12.03±0.01 0.26±0.01e 795±40 0.59 (a15)
a17 0.530 5.81 14.4 19.20 -9.86±0.17 0.14±0.24 1.37±0.20 -0.66±0.13 0.05±0.11 0.30±0.09 0.42±0.08 -13.44±0.02 0.05±0.03 f 350±20 0.85 (A18)
A18 0.607 6.66 13.9 17.94 -12.71±0.79 0.12±1.12 0.28±0.91 -0.81±0.61 -0.09±0.50 0.06±0.39 -0.10±0.35 -12.92±0.09 0.33±0.14g 410±30 0.85 (a17)
b1 0.140 1.54 12.8 19.20 -9.98±0.40 0.32±0.56 1.33±0.46 -0.53±0.31 0.05±0.26 0.14±0.22 0.12±0.22 -13.42±0.05 0.07±0.07e 290±30 0.77 (b2)
b2 0.151 1.65 9.1 19.35 -11.12±0.34 0.40±0.48 0.83±0.39 -0.62±0.26 0.03±0.21 0.19±0.17 -0.04±0.16 -13.15±0.04 0.30±0.06e 250±15 0.50 (b3)
b3 0.189 2.08 9.1 19.70 -10.55±0.91 0.31±1.28 0.98±1.04 -1.00±0.69 -0.42±0.58 0.24±0.47 -0.47±0.47 -13.34±0.11 0.26±0.16e 235±20 0.48 (b4)
b4 0.208 2.28 11.7 19.55 -10.87±0.62 0.29±0.88 0.86±0.72 -0.52±0.48 -0.44±0.39 -0.07±0.32 -0.25±0.30 -14.06±0.08 0.29±0.11e 270±30 0.48 (b3)
b5 0.193 2.12 10.1 19.22 -11.42±0.79 0.33±1.12 0.69±0.91 -0.35±0.61 -0.12±0.50 0.11±0.39 0.00±0.36 -13.53±0.09 0.33±0.14g 245±35 0.39 (b6a)
b6a 0.184 2.01 8.0 19.47 -10.55±0.45 0.31±0.64 0.95±0.52 -0.54±0.35 -0.10±0.29 0.31±0.24 0.38±0.22 -13.34±0.05 0.22±0.08e 240±30 0.39 (b5)
b6b 0.231 2.53 11.2 19.75 -11.29±0.62 0.26±0.88 0.76±0.72 -0.87±0.48 -0.09±0.39 0.26±0.31 -0.07±0.29 -13.14±0.07 0.40±0.11e 225±35 0.52 (b6a)
b7 0.211 2.31 13.3 18.86 -10.65±0.74 0.28±1.04 1.26±0.85 -0.44±0.56 0.04±0.46 0.06±0.36 0.24±0.33 -13.55±0.09 0.13±0.13e 330±25 0.73 (b6b)
B8 0.248 2.71 18.7 17.98 -11.93±0.17 0.32±0.24 0.91±0.20 -0.70±0.13 -0.14±0.11 0.24±0.10 -0.02±0.11 -12.72±0.02 0.20±0.03e 445±65 0.82 (b7)
b9 0.252 2.76 12.8 18.61 -11.36±0.17 0.37±0.24 1.03±0.20 -0.60±0.13 0.22±0.11 0.45±0.09 0.14±0.08 -12.67±0.02 0.21±0.03e 305±30 0.46 (b10)
b10 0.278 3.04 12.3 18.84 -11.92±0.34 0.33±0.48 0.62±0.39 -0.38±0.26 -0.07±0.21 0.09±0.17 -0.09±0.16 -13.27±0.04 0.35±0.06 f 325±45 0.35 (b11)
b11 0.290 3.17 12.8 18.39 -13.67±1.36 0.28±1.92 0.05±1.56 -0.64±1.04 -0.21±0.85 0.11±0.67 0.05±0.60 -12.85±0.16 0.58±0.24h 400±25 0.35 (b10)
a Deprojected galactocentric distance normalized to the disc isophotal radius R25.
b Deprojected galactocentric distance.
c Diameter of the aperture.
d Distance to the nearest neighbour, the ID numbers of the nearest star formation regions/complexes are shown in the brackets.
e Rosales-Ortega et al. (2011).
f Belley & Roy (1992).
g Mean for the regions from our list by data of Rosales-Ortega et al. (2011).
h Gusev et al. (2012).
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3 STAR FORMATION REGIONS IN THE ARMS
3.1 Photometric parameters of star formation regions
Results of photometric observations of the star formation regions
using a round aperture are given in Table 3. Magnitudes and Hα
fluxes in this table are corrected for interstellar absorption. Taking
into account the interstellar absorption is extremely important for
obtaining real luminosities and colour indices and study the physi-
cal parameters of star formation regions. We used a logarithmic ex-
tinction coefficient, c(Hβ), obtained from spectroscopic and spec-
trophotometric observations, to correct the photometric data for in-
terstellar absorption in the regions (see Table 2). The reddening
function of Cardelli, Clayton & Mathis (1989) was adopted, as-
suming R ≡ AV/E(B − V) = 3.1, for correction of fluxes in optical
bands, and data of Wyder et al. (2007) were used for correction of
fluxes in ultraviolet bands.
The most complete contemporary study of spectral parame-
ters of H ii regions was carried out by Rosales-Ortega et al. (2011),
who used data of integral field spectroscopy of NGC 628. Estima-
tions of logarithmic extinction coefficients for most of objects, stud-
ied here, were derived by Rosales-Ortega et al. (2011). These esti-
mations are used in the present paper. For other objects we accept
estimations of c(Hβ) from Belley & Roy (1992) and Gusev et al.
(2012). Note that the accuracy of c(Hβ) estimations derived from
spectrophotometric observations of Belley & Roy (1992) is lower
than the ones based on the spectroscopy. There are no spectroscopic
or spectrophotometric observations for three objects (a7, A18, b5).
For these regions, we use c(Hβ) = 0.33±0.14 as the mean value for
the complexes in our list. Adopted c(Hβ) are presented in Table 3.
Colour indices and Hα fluxes, corrected for interstellar ab-
sorption absolute magnitudes, are presented in Table 3. The in-
terstellar absorption, calculated using c(Hβ), includes the Galac-
tic extinction, the internal extinction due to the interstellar medium
within NGC 628, and the intergalactic extinction due to the inter-
galactic medium between the Milky Way and NGC 628. These val-
ues are indicated by ’c’ subscript.
The main contribution to the inaccuracy of magnitudes, cor-
rected for interstellar absorption, is related to the uncertainty in the
extinction coefficient, especially in the short wavelength bands. Ob-
viously, the results of photometry can be used only for qualitative
comparison of physical parameters of the star formation regions in
Arms A and B.
After correction for interstellar absorption, as we can see from
Fig. 2, some ’bright’ complexes become fainter than some ’faint’
star formation regions and vice versa. However, it does not affect
the following conclusions. Below we study samples of brightest
star formation regions in Arms A and B without a division of ob-
jects in ’bright complexes’ and ’star formation regions’.
The value of interstellar absorption in star formation regions
of Arm A and Arm B is approximately the same: 〈c(Hβ)〉 = 0.35 ±
0.15 versus 0.28 ± 0.13. It does not depend on the galactocentic
distance for regions in Arm A, 〈c(Hβ)〉 = 0.35 ± 0.10 for regions
with r/R25 < 0.32 and 0.34 ± 0.20 for regions with r/R25 > 0.32
(Fig. 2). Note a large variation of c(Hβ) for objects at the end of
Arm A (Fig. 2).
Thus, photometric data, corrected for interstellar absorption,
support that young stellar objects (both complexes and star forma-
tion regions) in Arm A are systematically brighter than the ones in
Arm B of NGC 628. Below we will discuss the physical reasons of
such differences.
Star formation regions in Arm A are bluer than the ones in
Arm B (Figs. 3, 4). Differences between colour properties of re-
Figure 3. M(FUV)c vs. (FUV-NUV)c (top) and M(B)c vs. (B − V)c (bot-
tom) colour-magnitude diagrams for regions in arms of NGC 628. Evolu-
tionary tracks of synthetically aged stellar systems of different masses (solid
curves) are shown. The dotted lines are isochrones of synthetic stellar sys-
tems. The diagonal crosses show open star clusters in the Milky Way by
data of Kharchenko et al. (2009). Other symbols are the same as in Fig. 2.
See the text for details.
gions in the arms decrease toward long wavelength passbands. Two
relatively well defined groups of regions appear in the ultravio-
let colour-magnitude diagram, (FUV-NUV)c vs. (NUV − U)c and
(U − B)c vs. (B − V)c two-colour diagrams, and are mixed in the
(B−V)c vs. (V −R)c and (B−V)c vs. (V − I)c two-colour diagrams
(Figs. 3, 4).
In Fig. 3 (bottom) we compare the observed colour-magnitude
relations obtained in B and V passbands for studied objects with
the prediction of standard SSP-models (Stellar population synthe-
sis model predictions). A number of SSP-models have been con-
structed during the last decade. They are widely used for mod-
elling both star clusters and galactic populations. Photometric prop-
erties of model clusters are defined by the implemented grid of
isochrones. Here we use the grid provided by the Padova group
(Bertelli et al. 1994; Girardi et al. 2000; Marigo & Girardi 2007;
Marigo et al. 2008) via the online server CMD4. The latest Padova
models (version 2.5), described in Bressan et al. (2012), are com-
puted for the narrower interval of initial masses ranges from
0.1 M⊙ to 12 M⊙. For our purposes we need the interval of initial
masses ranges up to 100 M⊙. That is the reason, why we used the
prior sets of stellar evolutionary tracks (version 2.3), described in
Marigo et al. (2008) and computed for the wide interval of initial
masses ranges from 0.15 M⊙ to 100 M⊙.
4 http://stev.oapd.inaf.it/cgi-bin/cmd
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Figure 4. Two-colour diagrams for the star formation regions in the arms
of NGC 628. Symbols are the same as in Fig. 2.
We used a metallicity grid with Z = 0.012 which is close to
the mean chemical abundance of H ii regions in NGC 628, and re-
trieved the passbands B, V an age range log t = 6.0 − 10.2 and a
step of 0.05 in log t. Calculations of integrated LB and LV fluxes
are performed for the case of a continuous populated IMF and si-
multaneous star formation, according to the method described in
the paper by Piskunov et al. (2009). We computed a number of
models for the different mass values of star clusters from 104 M⊙
up to 3.5 × 105 M⊙. We assumed a Salpeter value of the slope
α = −2.35 and low mass limit ml = 0.1M⊙ of the IMF. The upper
limit ml = 100M⊙ of the IMF is limited by the used evolutionary
grid. Fig. 3 shows four evolutionary tracks computed for different
masses of the model and for the age interval from 1 Myr up to
8 Myr. These parameters were chosen to provide a fit of the colour
distribution on the colour-magnitude diagram.
About 80% of the luminosity of star formation regions in the
B band is provided by high mass stars (m > 4M⊙). The B−V colour
indices of these massive stars are approximately similar within the
main sequence at fixed age. One can see that isochrones of syn-
thetic clusters of different masses in the colour-magnitude diagram
(Fig. 3, bottom) are perpendicular to the B − V axis. The young
massive regions studied here may be made of several star clusters
produced in a single episode of star formation and having identical
ages and thereby have identical B−V colour indices of the brightest
stars. It means that the multiple structure of unresolved star forming
regions does not influence the integrated B−V colour indices of un-
resolved star formation regions. In case of U − B colours, the mass
dispersion of individual clusters embedded into the unresolved star
formation regions leads to slight reddening of the integrated U − B
colour indices and thereby to older ages.
Since we use the B luminosities and integrated B−V colours of
unresolved star formation regions in the colour-magnitude diagram,
we can assign parameters of the model of the single massive cluster
to the unresolved multiple star clusters.
Fig. 3 shows that all studied objects are younger than 8 Myr.
The figure shows also that typical mass interval of studied star
formation regions are within the range from 1 × 104 M⊙ up to
≈ 5 × 105 M⊙. The lower limit of the mass interval overlaps with
Figure 5. Emission-line diagnostic diagrams for star formation regions in
Arm A and Arm B. The curves represent upper boundaries for photoionized
nebulae defined by Kewley et al. (2006). Symbols are the same as in Fig. 2.
the upper mass limit of open star clusters (OSCs) in the Milky
Way. The three brightest complexes in Arm A (A8, A12 and A16)
have approximately the same luminosity. The synthetic evolution-
ary tracks show that the mass of these complexes is 5 × 105 M⊙
(Fig. 3). The upper limit of the mass interval is close to masses of
young massive star clusters in nearby galaxies (Larsen et al. 2011).
Results of stellar evolutionary synthesis show that star forma-
tion regions in Arm A are slightly younger than the ones in Arm B.
Excluding the three bluest star formation regions located outside
the evolutionary tracks in Fig. 3 (bottom), we found that the mean
age of the young stellar objects in Arm A is 3.7 ± 2.2 Myr versus
6.0±1.1 Myr for the star formation regions in Arm B. Note that the
star formation regions in Arm A are younger than the complexes
(3.0 ± 2.2 Myr versus 4.7 ± 1.9 Myr).
3.2 Chemical abundances of star formation regions
We selected a homogeneous sample of star formation regions,
which have been studied using integral field spectroscopy tech-
niques (Rosales-Ortega et al. 2011). The sample includes 22 re-
gions out of 30 in both arms (see column (6) in Table 2).
The aim of this section is to compare the metallicities of the
ionized gas of star formation regions located in different spiral
c© 0000 RAS, MNRAS 000, 000–000
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Figure 6. Radial distribution of oxygen abundances in the galaxy. Oxygen abundances were obtained using six empirical methods (see text). Symbols are the
same as in Fig. 2.
arms. Oxygen is the most abundant heavy element in interstellar
medium, so its abundance is the best indicator of gas metallicity.
It is useful to study the nitrogen-to-oxygen abundances ratio in
galaxies for understanding their chemical evolution due to the dif-
ference of nature of these elements. Nitrogen is ejected into inter-
stellar medium by both low- and intermediate-mass stars and mas-
sive stars, whereas oxygen is created only in the last ones. Analysis
of O/N–O/H plane may allow us to arrive to conclusions about star
formation rate and history of star-forming galaxies (Molla´ et al.
2006).
The most accurate way to estimate the oxygen and nitro-
gen abundance is the so-called ’direct’ temperature-based method.
However, the direct method is unavailable for the objects, stud-
ied here, because of the absence of temperature-sensitive auro-
ral lines, such as [O iii] λ4363. We used several most popular
empirical methods: ONS, ON (Pilyugin, Vı´lchez & Thuan 2010)
and NS (Pilyugin & Mattsson 2011). Oxygen abundance have
been estimated also by PT05 (Pilyugin & Thuan 2005), O3N2
(Pettini & Pagel 2004) and KK04 (Kobulnicky & Kewley 2004)
empirical methods.
At this point, the following question arises: do methods cali-
brated on pure H ii regions or on photoionization models give re-
liable estimations when applied to real star formation regions in
NGC 628? To answer this question, we plotted the traditional [O iii]
λ5007/Hβ versus [N ii] λ6584/Hα and [S ii] λ6717, 6731/Hα diag-
nostic diagrams for investigated regions in Arms A and B in Fig. 5.
Dashed lines denote upper boundaries for photoionized nebulae de-
fined by Kewley et al. (2006). As one can see from this figure, all
regions lie within the photoionization area and do not show signa-
tures of shock excitation. This indicates that the empirical methods
used are reliable.
Another feature that is clearly seen from Fig. 5 is that com-
plexes from Arm B have lower [O iii]/Hβ values than those from
Arm A for the same ratio of [S ii]/Hα and [N ii]/Hα. This can be
easily explained by the lower ionisation parameter in regions from
Arm B (see, for example, photoionisation models constructed by
Levesque, Kewley & Larson 2010).
In recent years, several authors performed detailed compar-
isons of abundance estimation methods and found their discrep-
ancies (see e.g. Kewley & Ellison 2008, and references therein).
Lo´pez-Sa´nchez et al. (2012) analysed model spectra of H ii regions
and showed that theoretical methods, such as KK04, give overesti-
mated values of oxygen abundance in comparison with ’direct’ Te
method, whereas empirical ON, NS and ONS methods are in good
agreement. Investigations of individual H ii regions in nearby galax-
ies confirm that result (see e.g. Egorov, Lozinskaya & Moiseev
2013). The situation is similar for star formation complexes in
NGC 628 (see Fig. 6). Oxygen abundances obtained by KK04 and
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Figure 7. N/O gradient of investigated star formation regions with their distance from the centre (left) and with oxygen abundance O/H (right). Abundances
were obtained using three empirical methods (see text). Dashed lines on the right panels show possible boundaries for data points on the N/O–O/H plane under
the assumption of close box model for secondary (NS) and both primary and secondary (NS+NP) nitrogen. Symbols are the same as in Fig. 2.
O3N2 are slightly higher than those obtained by PT05, ON, ONS
and NS methods. Possibly, this fact may be due to the large size
of investigated regions, where local temperature inhomogeneities
play an important role and have to be taken into account.
The oxygen abundance distribution along the radius of
the galaxy shows a significant gradient. It was studied by
Rosales-Ortega et al. (2011) using 4 methods of abundance deter-
mination, including O3N2 and KK04. We estimated oxygen abun-
dance gradient by linear χ2 fitting of data points obtained with six
empirical methods. The results are shown in Fig. 6. The absolute
value of the correlation coefficient, r, for almost all dependences
shown in Fig. 6 is greater than 0.8 that corresponds to a fine lin-
ear approximation. There is only one exception – the O3N2 abun-
dance versus distance where r = −0.42 and abundance measure-
ments show a wide spread. It is not surprising because the accu-
racy of the O3N2 method is lower than of other applied methods
(about 0.2 dex in comparison with 0.1 dex for other). The val-
ues of the gradient obtained are in good agreement for the ONS,
ON, NS and PT05 methods, slightly higher for KK04 and much
higher for O3N2 methods. Note that the slope of O/H dependence
on radius obtained by KK04 method is in good agreement with
Rosales-Ortega et al. (2011) estimations. This is not surprising be-
cause we used their reported fluxes. But our gradient, that we ob-
tained with O3N2 method, is much steeper than the one reported
by Rosales-Ortega et al. (2011). This may be caused by using only
a small sample of their data points.
Fig. 7 shows the N/O ratios as a function of the distance from
the galaxy centre (left-hand panels) and the oxygen abundances
(right-hand panels) obtained with the ONS, ON and NS methods.
Note that the N/O ratios with the galactocentric radius shown in
Fig. 7 are in good agreement with the results of Berg et al. (2013),
who found the extrapolated central N/O ratio −0.45± 0.08 dex and
the slope of the N/O ratio gradient −1.10 ± 0.14 dex R−125 within the
optical radius, R25. Analysis of these dependences may be of help in
answering the question on the nature of the nitrogen in the star for-
mation complexes under study. If nitrogen is mostly primary (NP),
then N/O ratio should be constant, but if it is secondary, the N/O ra-
tio grows with oxygen abundance increase. Fig. 7 shows exactly the
same linear dependence. Moreover, the variation of the N/O gradi-
ent with the galactocentric radius is steeper than for 12+ log(O/H).
This can be interpreted as evidence of the predominantly secondary
nature of nitrogen in the star formation complexes under study. The
trend in the evolution of the ratio N/O with 12 + log(O/H) shown
in Fig. 7 (right-hand panels) is in good agreement with those found
in other Sc-type galaxies (Villa-Costas & Edmunds 1993).
Fig. 7 shows a clear separation between the properties of the
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star formation regions hosted by Arm A and Arm B. The regions
from Arm B show higher N/O ratio at a higher oxygen abun-
dance. It was shown recently (see e.g. Molla´ & Gavila´n 2010;
Mallery et al. 2007) that the location of a region in the N/O–O/H
plane is related to the specific star formation rate, SFR, per unit
mass in stars (sSFR). The higher values of N/O correspond to the
smaller sSFR. If the sSFR is small, star formation could have been
high in the past, at the earlier times of evolution. The gas was con-
sumed and therefore the SFR decreased and is now small. And con-
versely, when the efficiency to form stars is low, the star formation
rate increases over time and the present SFR is high. So, the N/O–
O/H planes in Fig. 7 may be explained if we propose that com-
plexes in Arm B had a higher SFR in the past, but now it is lower
than for Arm A. As we will see further, that is possibly our case
(see Fig. 11).
There are several regions from Arm A and Arm B that have
similar oxygen abundance, but different N/O ratios. All three meth-
ods, used to estimate these values, give similar results – com-
plexes from Arm B have slightly higher N/O ratios for a given
12+ log(O/H). This may be easily explained if regions from Arm A
are younger than those from Arm B. In that case nitrogen could not
enrich the interstellar medium in Arm A because of the delay of the
nitrogen appearance in the interstellar medium with respect to oxy-
gen. This is supported by the results of Sonbas¸ et al. (2010). Their
search for supernova remnants in NGC 628 gave nine SNR candi-
dates, five of them in Arm A. Two out of three latest supernovae
are also located in Arm A (see Fig. 1).
3.3 Star formation region luminosity function
The distribution of star formation regions by mass, as well as an
upper limit for the mass of these regions, depends on properties
of interstellar medium such as gas density and pressure and cor-
relates with the overall star formation rate (Elmegreen & Efremov
1997; Kennicutt 1998a; Billett et al. 2002; Larsen 2002). Never-
theless, most studies of properties of star formation region popula-
tions have focused on the model-independent luminosity function
(see e.g. Haas et al. 2008; Mora et al. 2009).
In order to further compare the properties of the star forma-
tion regions in Arms A and B, we have constructed the luminosity
function for the brightest relevant objects in both arms. In contrast
to Larsen (2002), Haas et al. (2008) and Mora et al. (2009), we
used ultraviolet luminosities, as they are most sensitive to the pres-
ence of young stellar populations. A standard power-law luminosity
function of the form
dN(LFUV)/dLFUV = βLαFUV (1)
was adopted. It was converted to the form
log N = aFUV + b (2)
for the fitting, where the variables α, β in Eq. (1) and a, b in Eq. (2)
are related as α = −2.5a − 1 and β = 2.5(ln 10)−110b+4.8a, respec-
tively.
The constructed star formation region luminosity functions are
shown in Fig. 8. Each histogram was fitted using the normal least-
squares method to an expression of the form of Eq. (2). The results
of the fitting are summarised in Table 4.
Usually, researchers of cluster luminosity functions obtain in-
ternal extinction coefficients from evolutionary synthesis models
(Larsen 2002; Mora et al. 2009). The luminosity functions of the
star formation regions have been obtained using both corrected
Figure 8. Luminosity functions for the regions using corrected for internal
absorption (top panel) and uncorrected FUV magnitudes (bottom panel).
Thick dotted histograms are luminosity functions for the regions in both
arms, thin black solid histograms are functions for the regions in Arm A,
and thick grey histograms are functions for the regions in Arm B. Black
dotted, black solid, and grey solid straight lines represent the power-law fit
of the form of Eq. (1) for the samples of star formation regions in both arms,
Arm A and Arm B, respectively.
Table 4. Luminosity function coefficients.
Arm α a b Fit interval
A -1.27±0.27 0.11±0.11 -1.46±1.74 FUVc < 18.0
B -1.38±0.33 0.15±0.13 -2.30±1.50 FUVc < 19.0
A+B -1.29±0.17 0.12±0.07 -1.50±1.14 FUVc < 18.5
A -1.57±0.16 0.23±0.06 -3.72±1.10 FUV0 < 19.5
B -2.14±0.30 0.46±0.12 -8.18±2.29 FUV0 < 19.5
A+B -1.81±0.18 0.32±0.07 -5.17±1.24 FUV0 < 19.5
and uncorrected (for interstellar absorption) magnitudes. The inter-
stellar absorption coefficients are model-independent. We can only
provide a rough estimate of the slope of the luminosity function for
the brightest star formation regions in the spiral arms because of
the small number statistics.
Obtained slopes of luminosity function, based on an uncor-
rected FUV data, differ for the region population in Arm A and
B (Fig. 8). The slope for the region population in Arm B is typi-
cal for brightest young cluster populations in galaxies (Zepf et al.
1999; Whitmore et al. 1999; Larsen 2002; Dolphin & Kennicutt
2002; de Grijs et al. 2003; Gieles et al. 2006; Haas et al. 2008;
Mora et al. 2009). A more gently sloping function is obtained for
c© 0000 RAS, MNRAS 000, 000–000
Star formation regions in spiral arms of NGC 628 11
the star formation region population in Arm A. A value of the slope
α = −1.5 is close to the results of van den Bergh & Lafontaine
(1984) for the Milky Way open clusters, Whitmore et al. (1999)
and Haas et al. (2008) for faint clusters in the Antennae and M51,
respectively. The united population of star formation regions have
an intermediate slope of luminosity function (Fig. 8).
A surprising result was obtained for the star formation region
luminosity function when we used corrected FUV magnitudes. The
same, within errors, shallow slope is found for the star formation
regions population in both spiral arms. The flat distribution can be
a result of selection; we lost objects with high extinction, which are
slightly fainter than 19.7 mag in FUV. However, this effect must be
the same for the star formation regions populations in both arms.
Note that the large error in the slope for the star formation regions
sample in Arm B is due to the large uncertainty of corrected FUV
magnitude of the brightest star formation region b11 (see Table 3).
3.4 Sizes and size distribution functions of star formation
regions
To measure sizes of the star formation regions, we used the fol-
lowing technique: (i) the mean intensity level of the background
in FUV, 〈F〉, and its standard deviation, σ, within the arms but
outside the star formation regions were found, (ii) the cutoff in-
tensity, Fcut = 〈F〉 + 5σ was calculated, (iii) all pixels in the
FUV image with the intensity F > Fcut were selected. The cut-
off intensity Fcut corresponds to a surface brightness µ(FUV0) =
23.68 ± 0.10 mag arcsec−2. Areas within Arms A and B with a sur-
face brightness level higher than 23.63 mag arcsec−2 in FUV were
identified and measured (Fig. 9). We found 56 regions in total.
Characteristic diameters d of star formation regions were defined
as
d = 2
√
S/pi, (3)
where S is the area of selected regions. Diameters of star formation
regions from our sample are given in the last column of Table 3.
Errors in determining the diameters of the objects are caused by
the accuracy of determining the value of Fcut .
Arm A is twice as long as Arm B. To compare the size distri-
bution of the regions in Arms A and B on the same galactocentic
distance range, we divided Arm A into inner (A1) and outer (A2)
parts. The end of inner part of Arm A corresponds to the end of
Arm B (Fig. 9). It looks like the inner part of Arm A (A1) and
Arm B in Fig. 9 are ’classic’ spiral arms – as regards to their inner
structure they are similar and seems to be that both arms show the
same age (composition) gradient across the arm. They also have
approximately the same length.
The characteristic diameters of 30 star formation regions from
our samples are in the range 225–800 pc (Table 3), the diameters of
the other 26 star formation regions are smaller, 30 pc < d < 250 pc.
The three brightest star formation complexes in Arm A (A8,
A12 and A16) have characteristic diameters d > 500 pc. All these
complexes are double in reality, as seen in U and Hα images of the
galaxy (Figs. 1, 9). The size of the largest complex in Arm B does
not exceed 450 pc (Table 3).
Among the 30 brightest star formation regions, the regions in
Arm A are larger than the ones in Arm B. Moreover, the mean
diameter of the regions in the inner part of Arm A is slightly larger
than the mean diameter of the objects in Arm B (Table 5).
The number of star formation regions in the arms as a whole,
Arm A, the inner part of Arm A, and Arm B decreases with the
Figure 9. Map of star formation regions in NGC 628. Areas with a surface
brightness µ(FUV0) < 23.63 mag arcsec−2 are indicated by black colour.
White curves show boundaries of Arms A and B. The dotted line shows
the boundary between inner (A1) and outer (A2) parts of Arm A. The white
crosses indicate positions of the regions from Table 2. The size of the image
is 6.0 × 6.0 arcmin2 . North is upward and east is to the left.
growth of diameter. The distribution of the regions in the outer part
of Arm A is flat until ∼ 400 − 500 pc (Table 5).
Detailed exploration of the size distribution of objects in
NGC 628 was made in Elmegreen et al. (2006) in the range of
scales from 2 to 110 pc5, based on HST images. Elmegreen et al.
(2006) found that the cumulative size distribution follows a power
law, with slope γ ≈ −1.5. The closest value of the slope of the
cumulative size distribution function was found for the star forma-
tion regions from the list of Ivanov et al. (1992) that is in the range
30–110 pc. The size distribution of larger objects, H ii regions stud-
ied by Hodge (1976), satisfies a power law with slope γ ≈ −3.5
in the range 100–300 pc. The size distribution of complexes of
Ivanov et al. (1992) gives γ = −4.1 in the range 500–1000 pc.
Following Elmegreen et al. (2006), we constructed the cumu-
lative size distribution function for star formation regions in the
spiral arms of NGC 628 in the form
N(d > D) ∝ Dγ,
where N is the integrated number of objects that have a diameter d
greater than some diameter D (Fig. 10).
The slope of the power law for the size distribution is approxi-
mately the same for star formation region populations in both arms
as a whole, Arms A and B, and the inner part of Arm A for a size
range of 200 to 400 pc, γ ≈ −2 (Table 5). The distribution of the
largest regions in both arms as a whole, and Arm A and Arm B
separately, satisfies a power law with slope γ ≈ −5. Differences
in the size distribution are found between the star formation region
populations of the inner and outer parts of Arm A, and between
5 For an adopted distance of 7.2 Mpc.
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Table 5. Mean diameters and size function coefficients.
Arm 〈d〉a γ Range γ Range
(pc) (pc) (pc)
A 400 ± 135 -1.6 200-400 -4.5 400-650
A1 360 ± 100 -2.1 200-300 -2.7 300-600
A2 435 ± 160 -0.8 200-400 -3.6 400-650
B 295 ± 70 -2.2 200-300 -5.6 300-450
A+B 360 ± 125 -2.0 200-400 -4.7 400-650
a The mean diameters.
Figure 10. Cumulative size distribution function for the regions in both
spiral arms (thick dotted line), Arm A (thick solid line), Arm B (thick grey
solid line), the inner part of Arm A (thin dotted line), and the outer part of
Arm A (thin solid line).
the populations of Arm B and the inner part of Arm A (Fig. 10,
Table 5).
The size distribution of the star formation region population in
Arm B repeats the distribution of the region samples in Arm A with
a displacement log D ≈ 0.2 (Fig. 10). The size distribution function
of the star formation region population in the inner part of Arm A
have approximately the same slope in the entire range studied here
(Table 5). The size function curves for the populations of Arm B
and the inner part of Arm A are very close in the range from 200 to
300 pc, but they vary considerably in the range from 300 to 500 pc.
The size distribution function of the star formation regions sample
in the outer part of Arm A is characterized by the shallow slope,
γ = −0.8, in the intermediate range from 200 to 400 pc (Table 5).
3.5 Star formation rates within star formation regions
As we pointed out above, the distributions of star formation re-
gions by mass and luminosity and the upper limits of mass and size
of regions correlate with the overall star formation rate and depend
on properties of interstellar medium. We measured the star forma-
tion rates, SFR, and the surface densities of star formation rate,
ΣSFR, within the star formation regions using obtained FUV mag-
nitudes, Hα luminosities and sizes. To accomplish this, we adopt
the conversion factor of FUV luminosity to star formation rate of
Figure 11. Radial distributions of star formation rate (left panels) and the
surface density of star formation rate (right panels) within regions based
on their luminosities in FUV (top panels) and Hα (bottom panels). Other
symbols are the same as in Fig. 2.
Iglesias-Pa´ramo et al. (2006), namely
SFR(M⊙ yr−1) = 8.13 × 10−44LFUV(erg s−1),
in the form
SFR(M⊙ yr−1) = 7.0 × 10−8 × 10−0.4M(FUV)c , (4)
and the conversion factor of Hα luminosity to star formation rate of
Kennicutt (1998b):
SFR(M⊙ yr−1) = 7.9 × 10−42LHα(erg s−1). (5)
The surface densities of star formation rate within the star for-
mation regions are measured as
ΣSFR = SFR/S ,
where SFR and S are obtained from Eqs. (3), (4) and (5).
Note that the total star formation rate within studied regions,
≈ 0.25 M⊙ yr−1, is one third of the full SFR in NGC 628 by data of
Calzetti et al. (2010), who estimated SFR = 0.7 ± 0.2 M⊙ yr−1 in
the galaxy as a whole.
Densities of SFR within complexes are typical for star forma-
tion regions and comparable to results of Bastian et al. (2005), who
found ΣSFR = 0.06 − 0.07 M⊙ yr−1 kpc−2 for ordinary complexes in
M 51. Bright complexes and fainter star formation regions have
similar surface densities of star formation rate (Fig. 11).
In spite of the difference in the estimation of SFR(FUV)
and SFR(Hα) for some regions, the results are in agreement
with each other, in general, 〈ΣSFR(FUV)〉 = 0.063 M⊙ yr−1 kpc−2
and 〈ΣSFR(Hα)〉 = 0.061 M⊙ yr−1 kpc−2. Comparison between
SFR(FUV) and SFR(Hα) of the star formation regions is presented
in Fig. 12.
A dependence of SFR density on galactocentic distance is
found for objects of Arm A: 〈ΣSFR〉 ≈ 0.07 M⊙ yr−1 kpc−2 for
all regions in Arm A, and only ≈ 0.06 M⊙ yr−1 kpc−2 for re-
gions with r/R25 < 0.32. The regions in Arm B have a smaller
surface density of SFR, on average, than the objects in Arm A,
〈ΣSFR〉 ≈ 0.05 M⊙ yr−1 kpc−2.
Differences in the density of star formation rate within star
formation regions in Arms A and B may indicate differences in
interstellar medium parameters between the arms.
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Figure 12. Comparison between SFR(FUV) and SFR(Hα) of star forma-
tion regions. Other symbols are the same as in Fig. 2.
4 DISCUSSION
Spiral density waves can play an important role in asymmetric
star formation in spiral arms. Henry, Quillen & Gutermuth (2003)
showed on the example of the asymmetry in the spiral arms of
M51, that the variable star formation can be caused by more
than one spiral density wave. Moreover, an asymmetry in the spi-
ral arms of NGC 628 has been detected in the observed two-
dimensional field of radial velocities of the gas in the disc of
the galaxy (Sakhibov & Smirnov 2004). Fourier analysis of the
azimuthal distribution of the observed radial velocities in annu-
lar (ring) zones at different distances from the centre of the disc
shows the existence of two spiral density waves (see Fig. 1a in
Sakhibov & Smirnov 2004), the one-armed wave in addition to the
dominant two-armed one. This additional spiral density wave cor-
responds to the star formation asymmetry in the two main symmet-
rical arms revealed through the computer-enhanced images of the
galaxies by Elmegreen, Elmegreen & Montenegro (1992). In the
case of NGC 628, the relatively lower SFR in Arm B can be caused
by the asymmetry of the spiral density waves in the galaxy.
In Paper I we assumed that the drastic differences observed
between the inner structures located in the spiral arms of NGC 628,
one of which hosts the regular chain of large star complexes
whereas the other does not, were the result of the existence of a reg-
ular magnetic field and the absence of the signature of a shock wave
along Arm A. Unfortunately, there are no appropriate magnetic
field data for the studied part of NGC 628. The only data concern-
ing the magnetic field were obtained by Heald, Braun & Edmonds
(2009) who detected polarized emission at 18 and 22 cm wave-
lengths from the outer part of the galaxy; their linear beam size
was 1.9 × 0.5 kpc.
The hypothesis proposed in Paper I is not the only possible
one. Alternatively, asymmetries in spiral galaxies can be the re-
sult of gravitational interactions with another galaxy or galaxies
at some point in their history. NGC 628 is a member of a small
group of galaxies and its present state may well be the result of
close encounters within the group. Close encounters may also trig-
ger episodes of star formation. The same tidal forces that can de-
form the galaxy may also disrupt giant molecular clouds within
the galaxy and induce their gravitational collapse. The numerical
simulations of Bottema (2003) show that unbarred grand design
galaxies, such as NGC 628, can only be generated by tidal forces
resulting from an encounter with other galaxy. However, we believe
that tidal interactions could not play a role in the origin of the ob-
served asymmetrical pattern of star formation. It is well established
that NGC 628 cannot have undergone any encounter with satellites
or other galaxies in the past 1 Gyr (Wakker & van Woerden 1991;
Kamphuis & Briggs 1992). The spiral filaments are possibly dis-
turbed by interaction with the two large high velocity gas clouds on
either side of the disc (Kamphuis & Briggs 1992; Beckman et al.
2003). However, these high velocity gas clouds are located sym-
metrically with respect to the centre (Kamphuis & Briggs 1992).
Residual velocity fields of both neutral and ionized gas show the
absence of significant velocity deviations from the radial velocity
(Kamphuis & Briggs 1992; Fathi et al. 2007).
In this paper we have found differences in photometric param-
eters and chemical abundance between the star formation regions
in Arms A and B. We suggest that these differences are the result
of significant differences in the physical properties of interstellar
medium in the opposite arms of NGC 628.
As is known, such physical processes as gravitational col-
lapse and turbulence compression play a key role in creation and
evolution of star formation regions over the wide range of scales,
from smallest OB associations to largest star complexes (Efremov
1995; Elmegreen et al. 2000, 2006; Elmegreen 2002, 2006). The
age range of stars within ordinary star formation regions is usu-
ally quite small (6 10 − 15 Myr) suggesting a coherent star for-
mation mechanism, it separates them from large star complexes
which have a much larger intrinsic age spread (Efremov 1995).
This is well illustrated for the young stellar objects in Arm A,
where the large complexes are older than the star formation regions
(4.7 ± 1.9 Myr versus 3.0 ± 2.2 Myr). We suggest that the differ-
ence between photometric ages of star formation regions in Arms A
and B is a result of different star formation histories in them. The
generation of shock-waves is the source of high pressure in Arm B
and probably within the inner part of Arm A (A1). High pressure
stimulates formation of dense star formation regions with an ac-
tive star formation, including formation of massive (M > 10M⊙)
stars (Billett et al. 2002). High pressure from formed H ii regions
destroy molecular cloud cores (Elmegreen 1983). As a result, SFR
along Arm B falls for several Myr, star formation regions here do
not reach large mass/size, and they have approximately the same
photometric ages, 6.0 ± 1.1 Myr.
The opposite case is observed in Arm A. Pressure along
Arm A is lower than along Arm B. As a result, ’doughy’ large
complexes are formed here. Initial SFR is low along Arm A; mas-
sive stars are not formed immediately. The pressure increase driven
by powerful stellar winds from the most massive stars is not high
enough to destroy the largest cloud cores. As a result, the young
stellar objects here have younger ages with a larger dispersion
than the star formation regions in Arm B (3.7 ± 2.2 Myr versus
6.0 ± 1.1 Myr).
Thus, larger star complexes with a lower SFR in the past and a
higher SFR now are observed in Arm A, and smaller, more evolved
star formation regions are observed in Arm B. This hypothesis is
supported by both abundance and photometric data. It is also fully
consistent with the findings by Sonbas¸ et al. (2010), who found
nine SNR candidates in NGC 628. Five of them are located in
Arm A. Two out of three latest supernovae, SN 2003gd and 2013ej,
are also located in Arm A (Fig. 1). Neither SNRs nor supernovae
were found in Arm B.
Note that all five SN remnants and two supernovae are located
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in Arm A between complex A10 found in this work and star forma-
tion region a13 (Fig. 1). It is where the star formation complexes
and regions with the highest SFRs are observed (see Fig. 11). It
is worth noting that SNR 9 and SN 2003gd are located within 10–
15 arcsec from our star formation region a13 (Fig. 1). Supernova
2003gd has the normal Type II-P, its progenitor was a red super-
giant with initial mass 6− 12M⊙ (van Dyk, Li & Filippenko 2003;
Hendry et al. 2005). The life time of such stars is ∼ 10 − 50 Myr.
This is consistent with sustained star formation activity during last
several tens Myr in this part of the arm.
The same slopes of the luminosity and size distribution func-
tions for the sets of star formation regions in Arms A and B, and
the same characteristic separations, Λ ≈ 400 pc (Paper I) of star
formation regions in both spiral arms, which depend on fundamen-
tal parameters of the medium, show that large scale fundamental
properties of interstellar medium and kinematics of the galaxy have
no principal differences in Arms A and B.
In spite of the difference between parameters of star formation
regions in the central part of Arm A and other parts of the arms, the
large scale (2 kpc and more) density of young stellar population
along Arms A and B is the same. Masses of star complexes in the
central part of Arm A are 3–4 times as much as masses of star
formation regions in other parts of Arms A and B (Fig. 3). However,
the characteristic separations of star complexes are also 2–4 times
as much as separations of star formation regions (Paper I).
We assume that the regular chain of star complexes in Arm A
can be explained by presence of the regular magnetic field and
absence of the shock wave along the arm only for objects A8–
A12 (the first five H ii complexes from the Elmegreens’ chain). In
the outer part of Arm A, star formation regions are located more
chaotically, the largest star formation complex, A16, is observed
here. This complex is the largest and the brightest one in FUV0 in
NGC 628 (Table 3). Parameters of the complex can be related to
its location near the corotation radius Rcor (Sakhibov & Smirnov
(2004) obtained Rcor ≈ 7 kpc or 0.65r/R25 based on a Fourier anal-
ysis of the spatial distribution of radial velocities of the gas in the
disc of NGC 628).
5 CONCLUSIONS
Photometric properties, chemical abundances and sizes of the
30 brightest star formation regions in the two principal arms of
NGC 628 were studied, based on the GALEX ultraviolet, optical
UBVRI, and Hα surface photometry data.
We found, that the star formation regions in one (longer) arm
(Arm A) of NGC 628 of are systematically brighter and larger than
the regions the other (shorter) arm. However, both luminosity and
size distribution functions have approximately the same slopes for
the samples of star formation regions in both arms. The star forma-
tion regions of Arm A have a higher density of star formation rate
than the regions in Arm B. The regions from Arm B show higher
N/O ratio at a higher oxygen abundance, but they have lower ultra-
violet and Hα luminosities. Results of stellar evolutionary synthesis
show that the brightest regions in Arm A are younger than the ones
in Arm B (3.7 ± 2.2 Myr versus 6.0 ± 1.1 Myr). The star com-
plexes in Arm A are slightly older than the star formation regions
(4.7 ± 1.9 Myr versus 3.0 ± 2.2 Myr).
The results can be explained if we suggest that star formation
regions in Arm B had higher star formation rate in the past, but now
it is lower, than for opposite Arm A.
Our results demonstrate that there is a difference in the inner
structures and parameters of the interstellar medium between the
two principal spiral arms of NGC 628. In spite of close sizes and
spacing of star formation regions in Arm B and in the inner part
of Arm A, modern star formation histories in Arms A and B differ.
Young stars in the central part of Arm A (r/R25 = 0.28 − 0.42)
are grouping into the large complexes (d > 450 pc). Smaller star
formation regions are absent here.
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